) and the number of systemic antibacterial drugs given (OR = 1.469, 95 % CI 1.201, 1.798) 
INTRODUCTION
The World Health Organisation (WHO) defines an ADR as 'a response to a drug which is noxious, and unintended and which occurs at doses normally used in man for prophylaxis, diagnosis or therapy of disease, or for the modification of physiological function' [1] . ADRs can result in hospitalisation, increased length of hospital stay and charges, diminished quality of life, disability and in-hospital death [2] .
ADRs remain a hazard in the medical treatment of children where previous systematic reviews
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Ithnin M, Rani MDM, Latif ZA, Kani P, Syaiful A, Mohd TAMT, Aripin KNN. This work is licensed under the Creative Commons Attribution 4.0 International License have estimated ADR incidence ranging from 1-11 % affecting paediatric patients [3] . A recent systematic review of 102 studies showed that ADRs caused between 0.4 -10.3 % of hospital admissions in children, while the incidence of ADRs was between 0.6 -16.8 % in hospitalised children [4] .
ADR data from Malaysia is sparse but emerging. A multinational surveillance study published in 2012 found that the ADR incidence in Malaysian paediatric patients was second highest at 19.1%, based on a single study ward [5] . Furthermore the Malaysian group had the highest incidence of serious ADRs at 7.6 %, among the 5 participating countries. ADRs were the cause of admission in 1.7 % of the children admitted to the Malaysian study ward. Another study analysed paediatric ADRs reported to the Malaysian drug control authority between 2000 and 2013 and found a dramatic increase in paediatric ADRs reported by healthcare personnel, from 115 reports in 2000 to 3527 in 2011 [6] . Slightly over half of the paediatric ADRs reported were vaccine related.
Adequate information obtained from ADRs can help healthcare professionals to take measures to avoid or diminish their effects in the clinical setting. The most fundamental assessment is to determine the causality of the drug involved. Despite a number of existing methods that have been developed to determine causality, only 71 % of paediatric ADR studies performed causality assessment. Even fewer studies performed other assessments such as severity (34 %) and avoidability (19 %) that can provide valuable data to inform strategies to lessen the risk of ADRs [5] .
This study aims to provide further data on the incidence of paediatric ADRs occurring in Malaysian children admitted to hospital and to identify possible risk factors. Another goal is to provide further ADR information by performing causality, severity and preventability assessments using recognised methods.
EXPERIMENTAL Study design
This was a prospective observational study conducted in a paediatric general ward in Hospital Ampang. Hospital Ampang is a general hospital located in Kuala Lumpur, the capital of Malaysia. The paediatric department comprised three wards, the neonatal intensive care unit (NICU), and general wards 4A and 4B. Ward 4B was selected as the study ward and consists of 40 beds. All patients admitted to the ward and were exposed to any medication were monitored actively for occurrences of any ADRs until they were discharged. The study was designed according to WHO CIOMS International Ethical Guidelines for Health-related Research Involving Humans [7] . Ethical approval (no. NMRR-14-1009-21335(IIR) was obtained from the Medical Research and Ethics Committee (MREC) of the Malaysian Ministry of Health and the study was registered in the National Medical Research Register (research ID: 21335).
Study population
The study population consisted of paediatric patients aged 12 years and below who were admitted to the study ward over a one month study period beginning 17 th 
Data collection procedure
ADRs were identified using a two-pronged approach as described below:
i.
Spontaneous reporting by healthcare personnel
The ward staff including all doctors, staff nurses and the ward pharmacist were briefed on the definition, presentation and classification of ADRs during education sessions held on February 10 and March 12, 2016. Posters on the study were displayed on the ward. A box file containing the ADR reporting form was placed at the ward counter for staff to record any patients suspected to have ADRs. The box file was checked regularly by the study team and any reports were collected.
ii. Daily progress notes review
Hospital Ampang uses a computerised hospital information system where progress notes are created whenever a patient comes into contact with any member of the medical staff involved in patient care. The progress notes recorded by nurses and doctors in the computerised hospital information system for all eligible patients were screened daily by the study team to identify all potential ADRs. Any potential ADR was then recorded using the ADR reporting form.
All suspected ADRs from the reporting forms were reviewed by the research team. The team will review the patient notes, including laboratory data, and a consensus decision was made on whether the event fitted the definition of an ADR or was an ineligible occurrence such as a disease-related manifestation or progression, treatment failure, medication error or others.
Data collection
An ADR reporting form was developed by the research team. The form consisted of nine different sections on the demographic information of the child, suspected ADR and drug suspected, treatment outcome, medication details, ADR assessments, relevant test and laboratory data, any relevant notes or remarks and details of the reporter.
The following established international classifications were used to categorise the information recorded in the ADR reporting forms: WHO definitions for ADRs terminology [1] , WHO Adverse Reaction Terminology (WHO-ART) for system-organ classes [9] . ATC/DDD Index 2015 classification for medications [8] and International classification of diseases version 10 (ICD-l0) for diagnoses [10] .
Assessment of ADRs
The causality of ADRs was evaluated using Liverpool Adverse Drug Reaction Causality Assessment Tool [11] . This is a questionnairebased classification of the suspected ADRs as definite, probable, possible, or unlikely. ADR severity was assessed by Hartwig's Severity Assessment Scale which gives an overview of the severity of ADR whether it was mild, moderate, or severe based on a scale of 1-7 [12] . Preventability of the detected ADRs was assessed using the Modified Schumock and Thornton Preventability Scale [13] .
The ADR assessments were assisted by mobile application tools or apps previously developed and published by the research team [14] . The application were downloaded and installed from Google Play Store into a tablet computer, the resulting assessments were then recorded in a database (see below). The applications used were Adverse Drug Reaction Causality, Adverse Drug Reaction and Adverse Drug Rxn Preventability [14] .
Evaluation of ADR incidence
The incidence of patients with ADRs was defined as the number of patients with an ADR divided by the number of patients receiving medications. The incidence of patients with ADR during hospitalisation was defined as the number of patients with at least one ADR during their hospitalisation divided by the total number of patients receiving medications during the study period. The incidence of ADR as a reason of admission was calculated using number of patients admitted due to an ADR divided by the total number of patients admitted during the study period of time.
The proportion of patients experiencing an ADR was defined as the number of patients with at least one ADR divided by the total number of patients in the study period. For the purpose of proportion and incidence calculations, all results were converted to percentages.
Data analysis
Data from each ADR reporting form were stored and analysed using SPSS version 20 [15] . Descriptive statistics was used to analyse the characteristics of the study population for gender, patient's age, length of stay, number of drugs prescribed, and ICD-10 classification for reported diagnosis and drug prescriptions category.
To evaluate the relationship between the risk factor and ADR occurrence as an outcome Pearson Chi-Square tests were done for categorical variables and Mann-Whitney U test was used for continuous variables. A p-value less than 0.05 was considered statistically significant (two-tail).
Multivariate analysis were then performed incorporating all risk factor variables with p-value of < 0.05. Multivariate logistic regression analyses were used to evaluate the influence of these risk factors variables on ADR occurrences. A p-value of <0.05 was considered statistically significant.
RESULTS

Demographic profile of study population
A total of 423 paediatric patients with 436 admissions fulfilled the inclusion criteria and were included in the study population. Of 423 children, 247 (58.4 %) were male and 176 (41.6 %) were female.
The median age of the study population was two years (IQR 1-5). When subdividing the patients by ages, patients were categorised based on the guideline on Clinical Investigation of Medicinal Products in the Paediatric Population; infants 28 days until below two years and children above two years until below twelve years [16] . Based on this age category, 207 of the patients was under the infant category while 216 was under children category. The majority of the patients were Malays (80.1 %) and another 19.9 % were from other ethnic groups. The majority of the patients are also Malaysian citizens (92.4 %) Total days of hospital stay for the patients in the study population was 1903 days with median three days (IQR 2-4) of stay. A total of 387 (91.5 %) of children received 1778 drugs during hospitalization with a median of four drugs per patient who received medications; IQR 2-6. The demographic characteristics of children included in the study are summarized in Table 1 .
Based on the ICD-10 classification system, 'Respiratory system' diseases were the most commonly reported diseases (n = 216; 51.1 %) followed by 'Certain infectious and parasitic' diseases (n = 54; 12.8 %). Then 'Injury, poisoning and certain other consequences of external causes' and 'Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere classified' diseases (n = 35; 8.3 %).
Drug prescriptions
A total of 1778 prescribed drugs were recorded during the one month study period. The highest number of prescriptions was for systemic antibacterial drugs, J01 (n = 513; 28.9 %), followed by obstructive airway drugs, R03 (n = 449; 25.3 %) and drugs groups for analgesics, N02 (n = 301; 16.9 %).
The most frequently prescribed drug for systemic antibacterials was penicillin (n = 126), for obstructive airway drugs it was salbutamol (n = 205) and for analgesics, paracetamol (n = 289). The most frequently prescribed drug in the three highest drug groups is summarised in Table 2 .
ADR incidence
From 423 patients and 387 patients who received medication, a total 34 of the patients experienced an ADR during the study period, ADRs caused 4 admissions to the hospital. The incidence of ADR as a cause of admission was 1.0 % (95 % CI 0 -2 %).
For the ADRs during hospital stay, 31 of the patients experienced an ADR following medication. The incidence of ADR during hospital stay was 8.0 % (95 % CI 5 -11 %). The proportion and incidence of patients experiencing ADRs is summarized in Table 3 . 
ADR characteristics
The drug classes and the drugs involved in ADRs are summarized in Table 4 . The systemic antibacterials were the drug group mostly involved with ADRs, with penicillin (n = 11) the most frequent drug associated with ADR. Among the clinical manifestation of ADRs caused by penicillin was diarrhoea, rash and thrombophlebitis. The second most frequently involved drug was erythromycin (n = 5) which cause diarrhoea and vomiting. The other drug classes involved in ADRs were antivirals (n = 2), immune sera and immunoglobulins (n = 2), anaesthetic (n = 2) and anti-inflammatory (n = 1) drugs. Paracetamol (289) Other (12) 289 (96.0) 12 (4.0) Total 301 ATC = Anatomical therapeutic chemical The associated ICD-10 diagnoses are shown in Table 5 . From the 31 patients who developed ADRs, eighteen were diagnosed with 'diseases of respiratory system' and followed by six with 'certain infectious and parasitic diseases' and two each with 'diseases of the nervous system' and 'injury, poisoning and certain other consequences of external causes'.
Causality, severity and preventability
The causality assessment of the ADRs were as follows; 9.7 % were assessed as definite, 61.3 % were probable and 29.0 % were possible. For the severity, 58.1 % of the ADRs were mild and 41.9 % were moderate. None of ADRs were classed as a severe reaction. Most of the ADRs were classified as not preventable (74.2 %) while an equal percentage (12.9 %) of the ADRs were classified as definitely and probably preventable. The results of the ADR assessment of causality, severity and preventability are summarised in Table 6 . The bivariate analysis for the associations between ADR occurrence and the potential risk factors and the results of the full model of multivariable analysis are shown in Table 7 .
DISCUSSION
In the study, 31 out of 387 paediatric patients (8.0 %) experienced ADRs while in hospital. Although this incidence is lower than the previously reported ADR incidence in a Malaysian paediatric ward, it remains within the range of reported ADR incidence in paediatric patients [3] . When seen together with the increasing reporting of ADRs in the paediatric population in Malaysia, there appears to be growing evidence that Malaysian paediatric patients experience similar rates of ADRs with other children worldwide [4] . According to data, the most common classes of drugs involved in ADRs were systemic antibacterial, antivirals, immune sera and immunoglobulins, anaesthetic and antiinflammatory drugs and the most commonly identified physical clinical presentation of ADRs were diarrhoea, vomiting, thrombophlebitis and skin rash. This is consistent with results of previous studies [5, 17] .
Systemic antibacterial drugs antibiotics are the most widely prescribed drug category for hospitalized children [18] . The data shows that 74.7 % of the patients in our study received at least one antibiotic medication during their hospital stay and 77.4 % of the reported ADRs were related to this drug group, which is known to be frequently associated with ADRs [19] . In the study, the most common drug associated with ADRs was Penicillin. Although all ADRs related to systemic antibacterials in this study (as well as the previous Malaysian study [5] ) were mild ADRs such as rashes and gastrointestinal upset, antibiotic use for hospitalized children should be optimized to reduce the risk of ADRs occurring. Furthermore, the rising spectre of antibiotic resistance most likely due to injudicious antibiotic use presents severe consequences [20] .
Physicians should limit systemic antibacterial use only to children who would clearly benefit from the antibiotics, and the antibiotics should only be administered for the shortest effective duration.
The study results showed that 74% ADRs were not preventable and 26% were either definitely or probably preventable. Preventable ADRs could be attributed to improper dosage, inappropriate monitoring of the dose, drug-drug interactions or history of allergic reaction in past [13] . Causality, severity and preventability assessments of ADRs provide useful information in the effort to optimize paediatric drug prescribing. However such assessments are not universal in paediatric ADR studies [4] . These assessments can often be difficult to perform in the clinical setting especially when paediatric patients are often prescribed multiple drugs. Recently developed and existing assessment methodologies [11] [12] [13] should assist researchers in conducting ADR assessments but there is an increasing need for consensus building worldwide to allow meaningful comparisons of data coming out of paediatric ADR studies [21] .
Results from our bivariate analysis showed several factors that predispose to ADRs in hospitalized children. It was found that younger age was significantly associated with ADR occurrences and the results of the full multivariate model analysis was also significant with infants or the younger age group three times more likely to develop an ADR. Previous studies have shown similar findings and it is thought that the developmental differences in pharmacokinetics and pharmacodynamics confer a higher risk of ADRs in neonates and younger children treated in hospital [22] .
Several studies show that female children seemed to suffer a higher incidence of ADRs compared to boys. This may be due to the variation in gene expression and regulation causing differing therapeutic responses (pharmacodynamics and pharmacokinetics) and toxicity compared to the male sex [23] . The study shows no association between gender difference and ADR occurrences. The same finding was seen in the study conducted by Rashed et al [5] where included children in a Malaysian population showed no significant association of ADRs between genders. Further work is needed to determine if there is a gender predisposition in paediatric ADRs [24] .
WHO recommends countries to generate paediatric safety data specific to the local populations to account for possible genetic differences relating to ADRs [25] . The research showed no association between ethnicity and citizenship with ADRs. Previous studies have demonstrated differences in ADR rates amongst the different ethnic groups in our local population. A study conducted in Singaporean children showed that children of Chinese descent were more likely to develop ADRs [17] . Future pharmacogenomic research will provide more insights especially on drugs associated with more serious ADRs.
In the bivariate analysis, numbers of medication prescribed show a significant relationship with ADRs. However in the full model of multivariate analysis, the numbers of medication prescribed is not significant. Numerous other ADR studies have shown that polypharmacy was associated with an increased risk of ADRs [4] . Both prescribing antibacterials and the numbers of the antibacterials prescribed show a significant association with ADR occurrences.
However, in the full model of multivariate regression analysis, only the factor of number of systemic antibacterials prescribed showed a significant relationship with ADR occurrences (OR = 1.469, p<0.001). Antibacterial drugs have been highlighted repeatedly as a high risk group that increase the risk of ADRs in children, to increase further when multiple systemic antibacterial drugs are used [26] . The findings reinforce that guidelines should be developed or updated to ensure judicious use of systemic antibacterial drugs in hospitalized children.
Limitations of the study
There are a few limitations that may affect the findings of the research. Only patients aged one month to twelve years old were included while neonates and adolescents were excluded. Thus, the ADR profile in Malaysian hospitalized children could not be fully explored. The sources used for detecting the adverse drug events in this study based on documented physician and nurse notes within the hospital computerised system. This was dependent on complete and accurate documentation by physicians and nurses. Symptoms or signs of some ADRs may be not be fully documented, especially during patient reviews in the evening or at night, therefore would be missed by the surveillance review. This could have reduced the size of the dataset.
To our knowledge this is the second study to determine the incidence of ADRs in children admitted to paediatric wards in a hospital in Malaysia. The first study was conducted back in 2009. Thus this study provides the most recent data on ADR incidence in hospitalized children aged 1 -12 in Malaysia. They used logistic regression analysis to better understand the relationships between independent ADR predictors. Risk factors related to occurrence of ADRs could help identify patients with greater risk, in this case younger children, those given multiple systemic antibacterials and perhaps female patients. A better identification and understanding of these risk factors would enable avoidance measures to be taken to avoid ADRs.
CONCLUSION
This study found that the ADR incidence rate in children admitted to Hospital Ampang is 8 % and that the associated risk factors were younger age and number of systemic antibacterials given. This is the second study of paediatric ADR incidence in Malaysia, however, the rate and characteristics of paediatric ADRs are broadly similar to studies conducted in other countries. Further studies on ADRs and drug safety in the Malaysian paediatric population are warranted in the light of these data.
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